Memory storage is a temporally graded process involving different phases and different structures in the mammalian brain. Cortical plasticity is essential to store stable memories, but little is known regarding its involvement in memory processing. Here we show that fear memory consolidation requires early post-training macromolecular synthesis in the anterior part of the retrosplenial cortex (aRSC), and that reversible pharmacological inactivation of this cortical region impairs recall of recent as well as of remote memories. These results challenge the generally accepted idea that neocortical areas are slow encoding systems that participate in the retrieval of remote memories only.
A dominant idea that emerged in the last two decades is that memory consolidation comprises two phases. The initial one, called cellular or synaptic consolidation, is fast, lasting from several hours to a couple of days, and depends on de novo protein and mRNA synthesis required for functional and structural changes in brain regions engaged in the acquisition and early processing of new information, such as the hippocampus and related noncortical structures (Dudai 2002; Dudai and Eisenberg 2004; Morris 2006) . The second phase is slower, and would entail the participation of neocortical regions and their interactions with medial temporal lobe structures reorganizing the recently learned material (Squire 1992) . It is called systems-level consolidation and seems to begin late after acquisition and last from several days to weeks to months in most learning tasks studied so far (Frankland and Bontempi 2005) . However, when recently encoded information interacts with an already stored associative schema, systems-level consolidation may well be very rapid (Tse et al. 2007 (Tse et al. , 2011 . Consistent with the standard model of memory consolidation, it has been shown that, while the hippocampus is mainly involved in consolidating and recalling recent episodic-like memories, some cortical regions, including prelimbic, orbitofrontal, and anterior cingulate areas, are involved preferentially with remote, well-consolidated memory traces (Frankland et al. 2004; Maviel et al. 2004; Shan et al. 2008; Lesburgueres et al. 2011; Tse et al. 2011) .
The retrosplenial cortex (RSC) comprises the entire posterior cingulate cortex in rodents (Vogt and Peters 1981) and is one of the largest cortical areas in the rat. Situated at the crossroads between the hippocampal formation and many neocortical areas, it has attracted much attention especially for its involvement in cognition (Vann et al. 2009 ). Although RSC inactivation produces memory impairments similar to those caused by hippocampal lesions (Cooper and Mizumori 2001; Vann and Aggleton 2004) , and it has been shown that RSC is activated during retrieval of contextual information and autobiographical memory (Valenstein et al. 1987 , Daselaar et al. 2006 ), the precise function of this area is poorly understood (Ranganath and Ritchey 2012) .
To study the precise role of RSC in fear memory processing we used a single-trial, step-down version of the inhibitory avoidance (IA) learning paradigm in rats (see Supplemental Methods for details). Training in this paradigm induces a fear-motivated, hippocampus-dependent, long-lasting memory and permits the uncontaminated analysis of the different stages of memory processing initiated by a single training experience (Izquierdo and Medina 1997; Taubenfeld et al. 1999; Bekinschtein et al. 2007) .
A definite property of cellular consolidation is its sensitivity to protein synthesis inhibitors (McGaugh 2000; Kandel 2001; Alberini 2008) . To analyze whether protein synthesis is necessary in RSC for fear-memory consolidation, rats received bilateral microinfusions of the protein synthesis inhibitor emetine (50 mg/mL) (Lima et al. 2009 ) in the anterior part of the RSC (aRSC; Fig. 1 ) 15 min before or 9 h after IA training, and were tested for long-term memory (LTM) retention 2 d later. Emetine infusion impaired IA LTM when given before the training session, but had no effect on retention when administered 9 h thereafter (P , 0.001, t ¼ 4.677, n ¼ 10 per group, Student's t-test [ Fig. 2A , white bars]). The amnesic effect of the pretraining administration of emetine was also observed in a different group of IA trained rats tested 7 d post-training (P , 0.05, t ¼ 2.307, n ¼ 10 per group, Student's t-test [ Fig 
Gene expression is also a requirement for cellular consolidation (McGaugh 2000; Igaz et al. 2002; Duvarci et al. 2008) . Consequently, we infused the specific inhibitor of RNA polymerase II a-amanitin in the aRSC at a dose known to block memory formation in the hippocampus (Igaz et al. 2002) . In Figure 2D we show that a-amanitin infusion (0.5 mg/side) 15 min before IA training impaired memory retention when tested 2 d after training (P , 0.05, t ¼ 2.743, n ¼ 8 per group, Student's t-test [ Fig. 2D , white bars]). A different group of rats infused with a-amanitin 15 min before IA training also showed impaired LTM when tested 7 d later (P , 0.05, t ¼ 2.474, n ¼ 8 per group, Student's t-test [ Fig. 2D, gray bars] ). Intra-aRSC infusion of a-amanitin 6 h after IA training had no effect on memory retention 2 d or 7 d after training (2 d Fig. 2D, gray bars] ). In addition, a-amanitin did not affect IA shortterm memory tested at 3 h when given in aRSC 15 min before training (P . 0.05, t ¼ 0.2107, Student's t-test [ Fig. 2E] ). These findings indicate that gene expression and protein synthesis are needed in aRSC at the moment of training, but not later, for normal retention, suggesting that cellular consolidation of IA LTM takes place in aRSC and that this structure may, indeed, encode fearful experiences at least as fast as the hippocampus. The fact that IA STM was not affected by pretraining intra-aRSC infusion emetine or a-amanitin indicates that the amnesia caused by these compounds was not due to impaired acquisition or to a protracted deleterious effect on retrieval.
It is currently accepted that the hippocampus participates in the retrieval of recent, but not of remote memories. The cortex, instead, would be expressly involved in the retrieval of old, but not of new memories (Frankland and Bontempi 2005) . To analyze whether this is the case for the aRSC, we trained rats in IA and, 15 min before a retention test session carried out 1 d, 7 d, or 21 d later, we inactivated the aRSC by means of muscimol microinfusions (Martin 1991) . As can be seen in Figure 3A , muscimol (0.1 mg/mL) abolished retrieval of recent as well as of remote memories (test at 24 h, ,0.01, t ¼ 3.643; test at 7 d, P , 0.5, t ¼ 2.101; test at 21 d, P , 0.01, t ¼ 4.285; n ¼ 8 per group, Student's t-test [Fig. 3A,  gray bars] ). This effect was reversible, since the impairment was not seen when the animals were retested 1 d later (Fig. 2B) .
The results presented above indicate that aRSC is critically involved in processing recently acquired information about fearful experiences, and that this cortex is required for expression of both recent and remote fear memories. On the other hand, a recent study of fear conditioning in mice showed that blocking NMDA receptors prior to context conditioning did not affect learning (Corcoran et al. 2011) . Probably, other neurotransmitter receptors are involved in initial steps of memory processing in the RSC.
Several lesion studies have involved RSC in memory (Sutherland et al. 1988; Aggleton 2002, 2004; Harker and Whishaw 2004; Keene and Bucci 2008a,b,c; Dumont et al. 2010; Haijima and Ichitani 2012; Robinson et al. 2012 ). However, this kind of intervention has several drawbacks (Izquierdo and Medina 1998) , including a lack of discrimination between memory acquisition, memory formation, or memory expression. Memory is by no means a unitary event having several stages or phases. These facts strongly limit the interpretations and conclusions reached by irreversible lesion studies. In our work, we demonstrate for the first time the role of aRSC in memory formation without lesion experiments, using a classical approach in memory studies: a one-trial aversively motivated IA training and local delivery of protein synthesis and gene expression inhibitors around training.
The contribution of aRSC to consolidation and retrieval of a fear-motivated learning appears to be relevant enough that the hippocampus and the amygdala cannot sustain these processes by themselves (Izquierdo and Medina 1997; Alberini 2009) when aRSC is offline. This observation is pertinent inasmuch as it has been demonstrated that the earliest metabolic deficiencies found in patients with mild cognitive impairments (Minoshima et al. 1997) and during the early stages of Alzheimer's disease are localized to the RSC (Villain et al. 2008) . Moreover, during the early stages of Alzheimer's disease RSC atrophy is comparable to that seen in the hippocampus (Pengas et al. 2010) . Based on our observations, it is reasonable to suggest that alterations in aRSC functionality may contribute significantly to the typical deficits on recent memory formation and recall observed in early stages of Alzheimer's disease.
The temporal participation of the aRSC in different stages of fear memory processing partially overlaps that of the hippocampus (Izquierdo and Medina 1997; McGaugh 2000) . For instance, the role of de novo protein synthesis and gene expression around training in both structures is critical for memory formation and consolidation (Bekinschtein et al. 2007; Alberini 2009) , which is in line with correlative studies in humans showing that successful memory formation is associated with an increase in functional connectivity between the hippocampus and some cortical regions, including RSC (Ranganath et al. 2005) . The timing of some molecular requirements, however, is different for each structure. For example, while temporary inactivation of the aRSC effectively hampers IA memory retrieval 21 d after training, pre-test intra-CA1 muscimol impairs IA memory recall up to 14 d posttraining, but not later (Izquierdo and Medina 1997) . These findings are consistent with a recent report in mice and in a different fear-motivated memory task (Corcoran et al. 2011 ) and with a meta-analysis of functional MRI studies in humans, showing that the RSC is, indeed, very active during retrieval of recent and remote autobiographical memories (Svoboda et al. 2006 ). In conclusion, the RSC plays an important role in memory processing as a fast learning system that consolidates fear-motivated information and is involved in expression early and also late after acquisition. 
